Objective Intra-abdominal 
INTRODUCTION
In the past 10 years the rate of Cesarean section (CS) has increased by 50% in the USA, with the average rate of CS delivery being around 32% 1 . Post-CS adhesions are a major complication in subsequent surgeries, causing an increased risk for bladder and bowel injury (0.1-0.3%), hemorrhage (0.1-1.4%), infection (0.4-1.6%) and even hysterectomy (0.1-1.4%) 2 . In addition to the risk associated with the abdominal surgical procedure itself, the risk for complications in a patient with potential intra-abdominal adhesions is also related to the duration of surgery and, in case of emergency CS, to the perinatal adverse outcome associated with delayed delivery of the neonate 3 . The annual delivery rate in our institute, Soroka University Medical Center, is 16 000 births/year and the CS rate is 17% with a similar rate of complications associated with intra-abdominal adhesions.
The literature addressing the risk of intra-abdominal adhesions following Cesarean section is limited [4] [5] [6] [7] [8] [9] and none of the studies focuses on the third trimester of pregnancy, which is the most relevant time for counseling and planning the surgery of patients with previous abdominal surgery delivering by CS. It is important for surgeons to identify patients with high risk of adhesions in order to allow a preoperative multidisciplinary surgical discussion, and also to inform the patient about the potential high risk of complications associated with repeat abdominal surgery.
We present a simple transabdominal sonographic marker, the 'sliding sign' of the uterus, for the prediction of intra-abdominal adhesions in the third trimester in women undergoing repeat Cesarean delivery.
METHODS
This was a prospective observational double-blinded study of women with a history of one or more CS undergoing transabdominal ultrasound assessment in the third trimester of pregnancy, between October 2015 and February 2017. We evaluated the risk for intra-abdominal adhesions by means of a novel sonographic marker, the sliding sign, indicating sliding of the uterus against the abdominal wall.
Patients were recruited from the preoperative clinic before undergoing elective CS or when attending our ultrasound unit for a scan. Inclusion criteria were pregnant women in the third trimester with a history of at least one CS delivery, and scheduled to undergo CS in the current pregnancy. Exclusion criterion was having known collagen disease. The study was approved by the institutional review board and was performed in accordance with the ethical standards set out by the Declaration of Helsinki.
Prior to delivery by CS, all women underwent transabdominal ultrasound using a Voluson E8 or E10 ultrasound system (GE Medical Systems, Zipf, Austria) with a 5-9-MHz transabdominal probe. Patients were not asked to empty their bladder before sonographic examination; evaluation of intra-abdominal adhesions was performed without technical difficulties in patients with empty or full bladder. The probe was placed just above the transverse skin scar and perpendicular to it. During the examination, the probe was moved slightly back and forth along the scar and perpendicular to it.
The patient was asked to take a deep breath in order for the uterus to be observed sliding caudally under the parietal peritoneum and fascia transversalis. Presence of the sliding sign was described when sliding of the uterus against the abdominal wall was observed (Videoclip S1 and Figure 1 ). When no movement of the uterus under the fascia transversalis was noted, the sliding sign was absent (Videoclip S2). Women were considered to have a low risk for intra-abdominal adhesions if sliding of the uterus was clearly visible or if a moderate movement of the uterus was noted (sliding sign present). If the sliding sign was absent, the risk for intra-abdominal adhesions was considered to be high.
The examination for adhesions lasted only a few seconds and thus did not prolong significantly the regular ultrasound examination, and no patient discomfort was reported. All examinations were performed by two physicians, one (J.B.) experienced in obstetric and gynecological ultrasound having performed many transvaginal and transabdominal sonographic examinations, including assessment of sliding sign, and the other (D.T.) a trainee in the obstetric ultrasound unit. The sonographers were aware that the women had undergone CS, but they did not inform the surgeons or the women about their findings. Therefore, the surgeons performing the CS were blinded to the results of the ultrasound sliding-sign assessment.
Following CS, the surgical report and the preliminary ultrasound diagnosis were compared in order to evaluate the agreement between pre-and intraoperative evaluation with respect to presence of adhesions. All surgical reports in our obstetric ward have a dedicated form for description of adhesions. In this form, adhesions are divided into mild and severe. Severe adhesions are usually defined as presence of adhesions making access to the uterus very difficult, or when the bowel or bladder is adhered to the anterior side of the uterus complicating uterine access. Mild adhesions are usually described when filmy and easy-to-separate adhesions are noted.
To assess interobserver variability, patients' ultrasound videoclips were evaluated by two examiners (J.B. and D.T.). To assess intraobserver variability, patient videoclips were re-examined at least 2 months after the first ultrasound evaluation, by one examiner (J.B.) who was blinded to the CS surgical report.
Data were analyzed to determine the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and positive (LR+) and negative (LR−) likelihood ratios of the sliding sign to predict the presence of intra-abdominal adhesions.
RESULTS
We examined 63 patients with a history of one or more previous CS. Of these, two women delivered in a different hospital and two delivered vaginally, and therefore 59 patients with complete data were included in the analysis.
Mean maternal age was 34.5 ± 4.7 years, mean gravidity was 5.6 ± 2.7 and mean parity was 3.9 ± 2.4. Eight of the women had undergone only one CS, 20 had had two and 31 had had more than two previous CS deliveries ( Table 1) .
Examination of the sliding sign was performed successfully in all cases. Absence of sliding of the uterus was noted in 19 patients, whereas sliding was present in 40 women. The suspicion of presence of intra-abdominal adhesions was confirmed at surgery in 16 of the 19 cases assigned to the high-risk group, whilst the prediction of low risk for adhesions was confirmed in 35 of 40 patients (Table 2) . Therefore, in predicting presence of intra-abdominal adhesions in women undergoing repeat CS, the sliding sign had a sensitivity of 76.2% (95% CI, 52-90%), specificity of 92.1% (95% CI, 77-98%), PPV of 84.2% (95% CI, 59-96%), NPV of 87.5% (95% CI, 72-95%), LR+ of 9.64 and LR− of 0.26. Inter-and intraobserver correlation using Cohen's kappa were 0.52 and 0.77, respectively. Data are presented as mean ± SD or n. Data are presented as n.
DISCUSSION
The findings of this study demonstrate a good capability of a simple third-trimester transabdominal sonographic sign, the absence of sliding of the uterus, to predict the presence of intra-abdominal adhesions in women undergoing repeat CS. Initially we evaluated sonographic signs reported in the literature, such as visualizing the movement between the vesicouterine fold and the anterior uterine wall when slightly tilting the uterus; nevertheless, these methods did not produce a clear sign in third-trimester patients. Our sonographer (S.S.) noticed that, during breathing, the uterus moved easily downwards, and deep breathing was even more effective in generating a prominent sliding sign.
About one-third of the patients included in our study had high body mass index; however, we did not encounter any technical difficulty in evaluating the sliding sign in these patients. Six patients had had abdominal surgery other than CS, one of whom had had an appendectomy for acute appendicitis and was found to have severe adhesions. There was no history of pelvic inflammatory disease in our cohort; this low prevalence is in accordance with the data reported by the Centers for Disease Control and Prevention 10 . Our medical center manages around 16 000 deliveries/year, with a 17% CS rate. However, only 63 patients were examined during the 17 months of the study. This relatively low number of patients recruited was due to the limited time of the physicians to obtain informed consent from patients, considering the large amount of clinical work at our unit. Therefore many patients that were eligible for the study could not be recruited.
Most publications in the literature assess the presence of abdominal adhesions when the uterus is small and the patient is not pregnant. To the best of our knowledge, this is the first study evaluating intra-abdominal adhesions in the third trimester of pregnancy. In a study by El-Shawarby et al., adherent uterus was diagnosed when the CS scar at the level of the urinary bladder was adherent to the anterior abdominal wall and was fixed and immobile when the uterus was pushed gently with the examining probe 4 . In another study, the altered sonographic signs detected in patients with adhesions following CS were an elongated pulled-up cervix and a full or overdistended bladder that did not appear between the fundus of the uterus and the anterior abdominal wall 5 . The uterus often was retroflexed, forming an angle with the distended urinary bladder. Presence of adhesions may also be predicted by Cesarean wound scar characteristics 7 or by intraoperative peritoneal adhesion index 8 . Dynamic ultrasound assessment of sliding sign has been used before to predict adhesions before laparoscopy 9 .
Adhesions are associated with various short-and long-term complications, including chronic pelvic pain, infertility, dyspareunia, dysuria, small bowel obstruction and increased operative difficulty in repeat surgical procedures 11, 12 . Preoperative assessment of the sliding sign on real-time dynamic transabdominal ultrasound is a non-invasive well-tolerated technique that may help to evaluate the risk of bowel or bladder injury in patients who had previously had abdominopelvic surgery 13, 14 and predict the complexity of the intervention, thus supporting the surgery planning and alerting the anesthesiologist of the duration and potential complications of the intervention 15 . Predicting the presence of severe adhesions may also assist clinically in several ways: first, it allows allocation of more complicated surgeries to experienced surgeons; second, the surgeons can plan and prepare better for the surgery if they know in advance whether they are going to operate a complicated surgery; third, a difficult surgery may be scheduled to be performed in an experienced center, preparing cross match blood units, and alerting the general surgeon and urologist of the potential risk for surgical complications, saving time if intervention is required. Moreover, the patient can be referred for surgery to a multidisciplinary center with expertise in bladder and bowel surgery if severe adhesions are suspected 16 . Repeat CS is associated with neonatal complications.
Morales et al.
3 demonstrated a progressively prolonged delivery time with each repeat CS owing to post-Cesarean delivery adhesions (delay of 5.6 min in the second CS and 18.1 min in the fourth CS compared with the first CS; P = 0.001 for both comparisons), which could lead to neonatal compromise under adverse circumstances. Moreover, dense adhesions have been associated with an increased risk for umbilical artery cord gas pH ≤ 7.1 and lower 5-min Apgar scores 17 . Lacerations represent the most common fetal injury that is associated with CS. Reported incidence ranges from 0.7-3.1%, with higher incidence observed during emergency surgeries and surgeries that are conducted after the onset of labor 18, 19 . This is the first study evaluating intra-abdominal adhesions in the third trimester of pregnancy in women undergoing repeat CS. We have demonstrated that abdominal adhesions following CS are detectable on transabdominal ultrasound prior to surgery. The sonographic evaluation is very simple and can be performed easily after a short learning period by an experienced physician as well as by a trainee. We presented a novel sonographic sign for the prediction of intra-abdominal adhesions that has high NPV and PPV and is thus able to identify adequately both patients with low risk and those with high risk for adhesions. Another strength of the study is that surgeons were blinded to the findings of the sonographic evaluation. Analysis of inter-and intraobserver variability showed good correlation between observers.
Nevertheless, this study is not without limitations. First, it was based on a small sample size, but the findings are still reassuring regarding the test accuracy of the sliding sign. Secondly, the intraobserver correlation was moderate, probably due to the fact that most discrepancies occurred in the first examinations possibly owing to the learning curve. Lastly, our findings are qualitative rather than quantitative; however, this is similar to other studies evaluating the sliding sign in other medical conditions such as endometriosis 20 .
In conclusion, our data show that a simple sonographic sign might predict both high and low risk for intra-abdominal adhesions in patients with a history of CS. This new technique may support clinical decision-making in patients undergoing repeat CS.
